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SECTION  I  -  ABSTRACT 


Oevlee  design  analysis,  process  Inprovements,  and  Investigation 
of  new  contact  techniques  have  been  the  major  aureas  of  actlvl*^ 
aui»<ng  the  first  contract  quarter.  Additional  vork  has  been 
Initiated  In  package  anaOysls  and  package  limitations.  Test 
circuits  have  been  designed  for  InltleLL  anipllfler  and  oscillator 
testing  and  equipment  for  all  Group  A  evaluation  has  been  pro¬ 
vided.  The  thermal  path  between  crystal  and  stud  has  been  under 
Intensive  Investigation  and  significant  laQprovesMnt  has  been 
noted.  The  present  processes  have  been  reviewed,  and  diffusion 
photoresist  and  assead>ly  area  loprovwMnts  and  experiments  have 
been  Initiated. 


SECTION  II  -  PURPOSE 


The  terms  of  the  contract  require  the  contractor  to  establlBh 
a  limited  production  facility  using  prototype  equipment  capable 
of  producing  parts  directed  toward  a  rate  of  200  transistors, 
that  meet  the  applicable  specifications,  per  8-hour  shift. 
During  the  contract  period  the  contractor  shedl  deliver  a  total 
of  2,475  treuisistors,  of  %Ailch  375  are  engineering  samples,  100 
are  pre-production  samples,  and  2000  are  pilot  production  tran¬ 
sistors.  The  2000  transistors  produced  during  the  pilot  run 
shall  meet  the  applicable  technical  specifications.  The  speci¬ 
fications  include  perfoxmance  as  an  aiqpllfier  -  the  transistor 
must  be  capable  of  25  watts  of  power  output  at  IXX)  megacycles 
with  10  db  of  power  gain  -  and  as  an  oscillator,  the  transistor 
must  deliver  25  watts  at  a  frequency  of  100  megacycles.  Da 
addition,  the  package  must  be  such  that  the  translator  is  elec¬ 
trically  Isolated  from  the  case. 

The  prototype  equipment  required  for  the  establishment  of  the 
pilot  production  run  will  be  developed  and  supplied  at  the 
expense  of  the  oontraotor. 

Upon  completioo  of  the  pilot  production  run,  a  Step  II  Study- 
will  be  made  to  detenalne  the  requirements  of  a  manufacturing 
faolUty  oephble  of  producing  50,000  units  peraonth  meeting 


the  ajiplleahle  technical  specifications  and.  based  on  one  8-hour 
shift  per  dsy.  The  neeessauy  plans  and  schedules  required  to 
establish  the  production  capability  based  lyon  equipment  capacity 
and  pilot  produotloci  yields  shall  be  Incorporated  In  the  Step 
n  Stuty. 
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SECTION  III  -  TECHNICAL  DISCUSSION  AND  DATA 


Chapter  1 
Ihtrodaetlon 


It  Is  the  objective  of  the  contract  to  conduct  the  engineering 
and  processing  vork  needed  to  establish  a  pilot  production 
facility  for  pTOducing  2,000  2^-vatt,  100-megacycle  transistors 
that  meet  the  Signal  Corps  Technical  Hec[ulreinent  SCS-129  dated 
12  February  1962,  (See  Appendix)  ,  or  a  modification  of  same 
that  Is  mutually  agreeable  to  the  U.S.  Amy  Electronics  Material 
Agency  and  the  contractor.  The  contract  Is  a  production  engineering 
measure  utilizing  the  25V-100MC  transistor  developed  under  a  Research 
and  Developnent  contract  sponsored  by  the  U.S.  Any  Signal  Corps, 
Oontraet  No.  DA  36-039  SC-873^» 

To  6MC0na>llsh  these  objectives  an  extensive  program  In  product 
improvement  has  been  planned  vblch  vLU  incorporate  the  foUovlng 
items:  Device  design  analysis  and  updating  the  present  S^W-IOONC 
Research  and  Development  Including  various  diffusion  process 
improvements,  evaluation  of  metallic  contacts,  evaluation  of 
metallic  contacts  over  the  oxide,  and  optimization  of  the  steurtlng 
material  vlth  planned  Investigation  of  epitaxial  material  to 
repiBoe  the  preseotly  incorporated  eoUeetor  contact  diffusion. 
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A  redesign  of  the  package  will  be  one  of  the  major  aspects  of 
device  improvement.  Pover  dissipation  capabilities  and  frequency 
limitations  viU  be  analyzed  in  detail,  and  the  package  design 
vlU  be  fonmilated  on  eaqperlmental  results  obtained  vltb  the 
present  package  as  discussed  in  Cihapter  2. 

A  complete  product  engineering  faclli-ty  vlU  be  Introduced  vhlch 
vlll  establish  pilot  line  capabilities  for  this  device.  This 
1*111  include  complete  equipment  evaluation.  Initial  plans  for 
the  equipment  structure  of  the  pilot  line  are  being  fozaulated, 
but  must  await  dstezmlnatlon  of  new  process  changes. 

At  present,  test  circuitry  for  amplifier  and  oscillator  perfozmsnoe 
has  been  designed  and  is  undergoing  testing. 

Other  test  equipment  has  been  constructed  as  well,  and  lists  of 
process  equipment  intended  for  the  pilot  line  production  of  the 
2$W-100NC  transistor  are  being  outlined.  Ibis  will  be  discussed 
In  Chapter 

Section  VII  identifies  the  personnel  that  will  be  Involved  in 
establishing  a  production  engineering  methods  development  of  this 
transistor. 

Qie  Corps  Tsohnioal  Requirenants  are  shom  in  the  Appendix 
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to  this  report  and  a  partial  discussion  of  each  of  the  Individual 
specifications  vlthln  these  requlrenents  is  undertaken  In  Paragraph 
2.2  -  Device  Daalgn. 


i 


CHAPTER  2 


D«vlea  and  Frooess  Boglneerlng 


2.1  Introduction 

m  any  soidilstlcated  device  such  as  featured  In  the  7^  vatt-FEM 
oontreust,  the  set  of  specifications  \;pon  vblch  the  circuit 
designer  rests  his  designs  Is  coeiprlsed  of  factors  from  three 
areas: 

a)  The  initial  ea*ea  of  theoretical  device  design  as 
discussed  In  paragraph  2.2  of  this  chapter.  It  Is  shown 
herein  that  the  device  specifications  asked  for  In  the 
75  watt-FEM  contract  are  not  luireasonable  In  the  sense 
of  asking  more  them  the  silicon  transistor  can  produce. 
However,  some  question  arises  on  the  correct  number  to 
Insert  on  a  specification  for  h^^.  The  question  comes 
from  ceirbaln  anomalies  ea^rlenced  during  power  ampli¬ 
fication  testing.  Data  taken  indicates  that  conventional 

theories  for  h.  versus  power  gain  do  not  hold  true, 
fe 

h)  The  area  of  ^Ich  can  be  dismissed  with  a 

wave  of  the  hand  under  low  power  and  low  frequency  con¬ 
ditions  become  vitally  important  at  25  watts  of  power 
output  (75  watts  total  dissipation)  and  100  megacycles. 

It  Is  an  absolute  requirement  that  the  device  and  package 
he  designed  for  each  other  If  optimum  perfoxmance  is  to 
he  gained.  Paragraph  2.4  of  this  chapter  discusses  our 
current  prohlMm  in  this  eurea. 
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e)  Given  a  perfect  design  and  a  perfect  package,  the 
device  Is  still  only  as  predictable  and  reliable  as  the 
processes  used  In  Its  construction.  Paragraph  2. 3  surveys 
areas  of  processing  which  are  currently  under  Investigation 
In  eoniMctlon  vlth  this  contract.  This  list  Is  by  no  necuis 
complete.  One  would  be  remiss  if  one  did  not  consider  each 
and  every  process  used  In  the  ll|^t  of  potential  Improvements 
In: 

a)  speed 

b)  yield 

c)  reliability  of  device 

d)  device  performance 


2.2  Device  Design 

The  transistor  design  for  the  device  to  be  produced  under  this 

contract  Is  founded  on  that  employed  In  producing  a  23;V>100MC 

device,  developed  under  U.S.  Army  Signal  Corps  Research  and 

#  ## 

Development  Contract  Ro.  DA  }6-0}9  SC-d73)^.  *  The  differences 
between  the  design  specifications  In  the  two  transistors  Is  not 
severe  end  is  discussed  briefly  In  this  section.  Fbr  ease  of 
reference,  the  required  performance  opeolfloatlons  are  Hated 
In  the  Appendix  to  this  report. 


*  See  figure  2.2.0,  2.2.1  at  the  end  of  this  Chapter  for  details 
of  the  davloe  as  cxirrently  constituted. 

*•  tee  ngHre  2.2.2,  2.2.3  a  dnwiag  of  the  eslstiag  case. 
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The  change  In  specification  from  less  than  or 

equal  to  I70V  at  «  100  mAdc)  to  (Iqqq  less  than  or  equal  to 
^  mAdc  at  >  IdOVdc)  is  not  ms^jor  from  the  device  point  of 
view.  Theoretically  the  bulk  resistivity  of  the  silicon  starting 
material  assures  us  of  far  lover  leakages.  In  practice  the 
manufactiirer  is  limited  not  by  bulk  resistivity,  but  by  his 
process  techniques  for  surface  protection  and  passivation.  Except 
for  Isolated  units  it  has  been  extremely  difficult  for  anyone 
to  approeu^h  the  theoretlced  bulk  leakage  currents  due  to  higher 
(by  orders  of  magnitude)  surface  leedsages  in  silicon.  During 
the  coming  months  it  is  Intended  that  a  large  portion  of  effort 
on  the  contract  will  be  directed  toward  improving  sxirface  pro¬ 
tection  and  passivation  techniques  allowing  us  to  decrease  bxUk 
steurting  resistivity  and  leakages  simultaneously.  This  same 
argument  applies  to  the  changes  in  from  (less  than  or  equal 
to  100  mAdc  at  I70V,  less  than  or  equal  to  100  \iA  at  70  Vdc 
to  (less  than  or  equal  to  5  mAdc  at  I80V  V^,  less  than  or  equal 
to  1  mAdc  at  =  70Vdc) .  The  prime  limitation  is  again  not 
the  lAiyslcs,  but  the  process. 

One  of  the  prime  efforts  for  this  contract  in  so  far  as  device 
design  emalysls  is  concerned,  will  be  in  determining  the  rela¬ 
tionship  for  this  class  of  device  between  small-signal  short- 
circuit  forward-transfer  ratio  AQd  power  output  and  gain. 

Tb  date  the  conventional  foznula  for  such  relationships  has  not 
proven  satlsfaetory.  In  particular,  several  units  with  h^^  less 
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than  0  db  have  given  rated  power  (25W)  at  rated  frequency  bias 
and  drive  (ICXMC^  600nA>  80V^  2.^  input)  during  testing  on  the 
2^«100MC  Research  and  Development  Contract.  Uhtil  this  evaluation 
is  done  there  exists  sene  doubt  as  to  the  exact  value  or  values  vhleb 
should  be  placed  on  the  apeclfieatloo  for  h^^  in  the  Appendix 
of  this  report. 

!Bie  all  ioportant  consideration  of  anqplifier  and  oscillator  per- 
foxnanee  at  rated  frequency  bears  considerable  discussion  and 
will  be  a  featured  subject  of  future  quarterly  reiports. 

Once  final  test  results  became  available  from  the  200  units 
poroduced  under  U.S.  Azisy  Signal  Corps  Contract  DA  36-039  SC-873^ 
(Research  and  Development)  and  the  first  73  engineering  san^ples 
under  this  contract,  it  will  be  possible  to  combine  present 
theoreticsil  canqputatlons  with  statistically  valid  test  saqples 
and  provide  a  sound  bcusls  on  vblch  to  project  device  design  and 
package  changes  «*nha«elng  the  device  performance.  For  the  present, 
one  can  say  that  the  23W-100I1C  or  73W  FEM  transistor  is  capable 
of  exceeding  the  specifications  in  the  Appendix  of  this  report, 
and  with  ij^provownts  In  the  package  and  device  design  a  substantial 
pilot  '»•»"*  yield  to  these  specifications  is  possible. 

There  exist  a  nuid>er  of  potential  areas  capable  of  Improvement 
fraa  the  device  designer's  point  of  view.  It  would  be  c«ivenlent 
he  able  to  jrenove  oonsldsrable  heat  from  the  top  of  the  device 
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as  well  as  throu^  the  collector  contact  region.  If  this  were 
done  It  vould  be  possible  to  liqprove  frequency  characteristics 
by  changing  the  physical  geometry  of  the  device,  and  still  keep 
the  teqperature  of  the  FN  collector  base  Jvinctlon  within  reason. 
OSils,  however,  Is  primarily  a  packaging  problem  and  so  Is  dls« 
eussed  in  Baragraph  2.k  of  this  chapter. 

The  Introduction  of  epitaxial  material  also  constitutes  a  device 
design  change  In  that  It  gives  a  slightly  simpler  picture  ^en 
an  atteaqpt  Is  made  to  understand  the  dopant  concentration  curves 
in  the  emitter  base  region.  A  trade-off  Is  necessary  between 
frequency  performance  and  emitter  base  breakdown.  With  the  aid 
of  an  epitaxial  region  this  trade-off  becomes  less  crltlceil.  It 
vould  also  be  of  assistance  in  eliminating  the  difficult  problem 
of  high  With  further  inq>rovement  In  surface  processing 

and  formation  of  oxides.  It  should  also  be  possible  to  reduce 
the  bulk  resistivity  now  enqployed  as  a  starting  material  and 
thereby  produce  a  number  of  benefits,  such  as  better  frequency 
performance.  Bie  use  of  a  narrower  stripe  width  geometry  for 
the  transistor  would  have  a  beneficial  effect  on  transistor 
performance,  lowering  the  emitter  and  collector  cai^itance  and 
Ineraaslng  the  f  maximum. 

Ih  suwatlon  it  is  to  be  emphasized  that  at  present  the  design 
of  a  silicon  crystal  for  the  25W-10a!C  transistor  used  In  the 
7^-FB4  Is  far  better  than  the  current  packaging  design.  As  a 
result,  the  principal  initial  Improvements  to  be  expected  He 
In  the  area.  Once  the  package.  Including  both  thermal 
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6tan/cn 

FIGURE  2.2.0 

Riysloal  PunBMtvn  for  25V-100MC  Tz«a«istor 


■ifititas 
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path  problems  and  frequency'  problems,  discussed  in  Paragraph  2.4 
of  this  chapter,  is  Inproved  sufficiently,  it  should  then  become 
possible  to  make  significant  Improvements  in  the  device  performance 
by  entering  either  the  device  design  or  the  actual  processes  used 
in  making  the  device.  At  present,  cLlteratlons  in  device  design 
are  considered  to  be  far  less  beneficial  than  concentrating  on 
voork  Involved  in  processing  and  package  Improvements. 

2.3  Process  Development 

While  the  N+  diffuel<xi  presently  employed  as  a  collector  contact 
is  quite  satlsfactozy,  the  state-of-the-eurt  of  epitaxial  materials 
is  being  continually  reviewed  for  such  usage.  At  such  time  as 
the  epitaxial  materials  reach  a  stage  of  perfection  which  will 
yield  leakage  valiies  compeorable  to  those  obtained  with  the 
diffused  collector  materials,  the  epitaxial  materials  will  be 
incorporated  Into  the  75  vatt  process.  The  use  of  the  epitaxial 
material  will  enable  some^diat  better  control  over  the  collector 
thickness,  and  enable  Improved  electrical  and  thermal  performance, 
and  Increued  yield  during  processing.  Ejqperlence  with  planar 
diffusion  techniques  indicates  that  many  of  the  device  problems 
originate  in  or  as  a  result  of  the  oxide  masking  processes  employed. 
Both  the  oxide  thickness  and  Impurity  content  have  profound  influ¬ 
ence  on  the  electrical  characteristics  of  the  device,  particularly 
the  leakage  currents  and  the  breakdown  voltages.  OSie  problem  is 
further  complicated  by  the  fact  that  the  original  oxide  is 
subsequently  modified  by  later  diffusion  processes  and  etssembly 
operations.  The  original,  collector  oxide  is  reconstituted  and 
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p-^pe  impurity  Is  added  during  the  base  deposition  and  distri¬ 
bution.  It  vould  be  naive  to  usuae  that  the  remaining  processing 
would  not  also  have  effects.  !Qie  base,  emitter,  and  metallizing 
oxides  should  also  be  altered  in  a  slmlllar  manner,  m  euldltlon 
to  the  thickness  and  Impurity  content,  the  coverage  necesseu:y 
to  ensure  m^aViiig  from  subsequent  diffusions  may  be  Inconplete 
due  to  the  original  conditions  or  following  processing.  Any 
defect  of  this  sort  can  rapidly  degrade  the  planar  breakdown 
voltage  characteristic.  Work  during  the  first  quarter  has  been 
directed  toward  producing  clean  oxides  with  suitable  thickness 
and  complete  dlffusant  coverage,  ^e  development  of  subsequent 
processes  has  as  a  prime  requisite  the  maintcdnance  of  the  ori¬ 
ginal  oxide  in  as  clean  and  complete  a  state  as  is  practical. 

Some  consideration  is  also  being  given  to  removing  the  oxides 
in  toto  and  replacing  them  with  a  new  "clean"  oxide  prior  to  cutting 
the  metallizing  pattern.  Vtork  in  this  area  has  shown  promise. 

Ihe  work  in  the  area  of  producing  improved  oxides  and  maintaining 
them  will  continue  and  the  results  will  be  roported  in  the 
sueeeedlng  reports. 

Since  this  is  a  PSM  contract,  the  improvement  of  yield  is  a 
prime  consideration.  ^  addition  to  the  control  problems  die- 

I 

eussed  tfwve,  the  control  of  the  diffusions  themselves  is  of 
paxsnount  importance.  The  depth  of  ^e  diffusions  hats  a  direct 
Vf— on  the  freqioaney  perfoznaqne,  the  breekdowis  obtaioable 
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and  the  pover  capahiUtles  of  the  device.  Should  the  diffusions 
go  too  deep^  the  oscillator  and  angpllfler  performance  will  he 
la(palred  and  the  h^^  will  he  lowered^  while  dc  characteristics 
such  as  h^  will  still  he  attcdnahle.  In  addition  to  the  depths 
of  diffusion  the  variation  of  those  depths  must  he  controlled 
to  produce  the  reqvilred  base  width  range  \dilch  yields  the 
specified  h^  and  frequency  characteristics.  Only  throu^  this 
improved  control  will  the  hif^er  yields,  necesseoy  to  econanlcal 
production  of  this  device,  he  attained.  Work  during  this  quarter 
has  also  been  expended  toward  maintaining  the  necesseury  temperature 
control  and  improving  the  uniformity  of  the  deposited  impurity. 

The  present  teopexatvtre  control  is  considered  good  and  the  temp¬ 
erature  is  contlnusJly  monitored  to  ensure  that  it  remains  that 
way.  The  improved  uniformity  of  deposition  is  being  sought 
through  refinements  of  existing  techniques  as  well  as  investigation 
of  new  and  more  promising  methods,  involving  variations  in  old 
dlffusant  sources  as  well  as  several  new  possible  diffusant  source 
chemicals. 

itnother  area  of  Investi^tlon  which  is  peculiar  to  the  plaxiar 
process,  hut  not  directly  related  to  the  diffusion  processes 
described  above  is  that  of  photoresist  masking.  The  problem 
here  is  one  of  mechanics  of  alignment.  There  are  two  main  areas 
of  endeavor,  ohtsdning  s\d.tahle  masks  and  suitable  equipment  to 
■iign  the  With  the  work.  Design  considerations  require 

an  accuracy  on  the  order  of  1/2000  of  an  inch.  This  accuracy 
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must  be  maintained  over  an  area  of  slightly  more  than  three 
square  Inches.  The  problem  here  centers  euround  the  tendency  of 
the  accuracy  of  the  pattern  to  "fall  off"  towards  the  edge  of 
the  pattern.  As  lisproved  patterns  are  developed  th^  are  being 
Incorporated  Into  the  process.  The  second  8u:«a  Is  the  incorpor¬ 
ation  of  an  litiproved  alignment  appeu:«tus.  The  present  equipment 
is  adequate^  but  could  be  Improved  in  ease  and  speed  of  operation 
consistent  with  accurei^.  !Ihe  new  apparatus  should  be  more 
production-worthy  from  the  standpoint  of  rate.  The  improved  masks 
and  improved  ease  of  alignment  of  the  patterns  should  also  in¬ 
crease  the  yield  to  the  specified  device.  Ihis  area  is  undeargolng 
intensive  investigation  at  present. 

The  metallizing  of  the  base  emd  emitter  contacts  is  presently 
being  accomplished  by  means  of  a  gold,  nickel,  and  silver  elec¬ 
troless  plating  process.  This  technique  is  satisfactory,  but 
the  evaporated  front  contact  offers  better  perfonaance 

over  a  wider  range  of  temperature.  £|y  virtue  of  evaporation 
and  the  subsequent  cQJboylng,  a  metallurgical  bond  to  the  silicon 
is  obtained  which  is  stronger  than  any  available  chemlplated 
bond.  In  addition  to  the  stronger  bond  produced,  the  aluminum 
oontaot  offers  the  poasiblUty  of  storage  at  higher  temperatures 
than  the  chemlplated  bond  can  attain.  Early  work  has  indicated 
the  need  to  build  up  the  aluminum  thickness  in  order  to  carry 
the  currents  Involved.  This  Increased  aluminum  thickness  has 
ereated  a  oootrol  problem  in  the  alloying.  Some  good  work  has 
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b6en  aceonqpllshed  In  applying;  the  ».iiiminnni  mete^JLlzlng^  but 
much  still  needs  to  be  done.  The  use  of  adunlnuiu  metcOdlzing 
would  also  create  a  problem  with  the  presently  used  gold  lead 
wire,  namely  "puzple  plague".  Preliminary  work  with  aluminum 
lead  wire  and  ultrasonic  bonding  appears  promising,  but  has  not 
been  evaluated  with  respect  to  high  frequency  performance  to 
date.  fVirther  developawnts  will  be  deacrlbed  in  subsequent 
reports. 

The  present  crystal  mounting  process  yields  eidequate  results. 

But,  in  the  interest  of  attaining  and  maintaining  the  lowest 
possible  thermal  resistance  with  the  best  possible  production 
rate,  the  process  is  constantly  being  monitored  to  refine  and 
control  the  various  aspects  which  govern  the  electrical  and 
thermal  output  characteristics.  Effort  is  also  being  devoted 
to  the  iQprovement  of  the  production  rate  by  possible  redesign 
of  the  process. 

Qie  current  leadbonding  process  is  eOso  adequate  in  terms  of 
the  present  metsdllzing,  with  the  exception  that  rate  improve* 
aent  is  desirable.  As  mentioned  above,  the  use  of  alumlniua 
metallizing  would  necessitate  a  change  in  the  leadbonding 
material  and  process.  Early  work  along  the  ultrasonic  leadbonding 
of  aluminum  lead  wires  appeeurs  promising,  both  in  producing  a 
more  reliable  bond  and  in  giving  a  faster  production  rate. 


2.4  Bactoge  Design 

Ohe  package  presently  being  used,  while  It  Is  the  best  available, 
suffers  from  two  problem  areas.  The  first  problem  Is  the  com¬ 
plete  electrical  Isolation  of  the  transistor  from  the  ease.  Ihe 
required  Isolation  has  been  accomplished  by  the  use  of  a  beiylUtmi 
oxide  isolation  tab.  Beryllium  oxide  vsis  chosen  since  It  offers 
the  best  combination  of  dielectric  and  thermal  properties.  The 
major  problem  centers  In  the  fact  that  this  is  a  state-of-the-art 
material.  FSI  has  had  continued  difficulty  obtaining  properly 
metalllaed  berylUum  oxide  Isolation  tabs.  If  tabs  are  used  on 
which  the  Initial  metallizing  is  not  fired  properly,  the  devices 
iislng  those  tabs  will  fedLl  on  power  dissipation.  Examination  of 
the  failures  has  revealed  that  the  typical  mode  Is  a  complete 
separation  between  the  beryllium  oxide  and  the  first  metallized 
layer.  This  saparation  prevents  the  transfer  of  any  heat  and 
the  device  bums  out.  FSI  is  working  closely  with  the  suppliers 
to  advance  the  art  of  ceramic  metallizing  and  thereby  to  remedy 
the  situation.  Other  areas  ^Ich  can  contribute  to  the  thermal 
path  problem  to  a  lesser  degree  are  the  brazing  of  the  tab  to 
the  stud  and  the  mounting  of  the  crystal  to  the  tab.  These 
areas  seem  to  be  under  relatively  good  control  since  a  properly 
metallised  tab  yields  quite  satisfactory  results. 

The  second  problem  with  respect  to  the  peu:kage  Is  Its  frequent 
performance.  This  peurkage  was  originally  Intended  for  use  at 
lower  frequencies  where  the  effect  of  lead  Inductance  was  at  a 
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mlniaum.  At  100  megacycles  the  Input  to  the  device  Is  inductive 
hy  virtue  of  the  lead  Inductance  rather  than  capcusltlve  as  one 
would  ei^ect  from  semiconductor  device  theory.  Ihls  Impairs 
the  frequency  i>erfoxmance  significantly.  Nev  package  designs 
are  being  considered  idilch  should  ln(prove  the  freq;uaney  per- 
fonoance,  device  reliability,  and  ease  of  fabrication.  Several 
package  designs  are  being  checked  out  at  present  on  other  BSI 
performance  devices  with  pranlsing  results.  It  appeajrs 
that  In  the  ease  of  hl^  power  -  hl^  frequency  devices  it  Is 
an  absolute  necessity  to  spend  as  much  time  on  the  electrical 
and  thermal  eharaeteristlcs  of  the  pcuikage  as  on  the  charac¬ 
teristics  of  the  slUccn  transistor.  !Dils  area  of  endeavor  Is 
now  our  prlan  consideration  as  all  possible  efforts  at  pawXtacing 
a  package  worthy  of  the  device  are  being  made. 
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PKodoet  ftigiaMring 


Itotll  such  tine  as  a  final  processing  procedure  Is  decided  i^pon 
a  detailed  pilot  line  structure  Is  extrenely  difficult  to  deter- 
alne*  However,  as  a  preliJBinaxy  step  In  establishing  a  pilot 
line  faelUtgr,  a  ganeraUsed  block  dlagran  Is  being  prefored. 

During  the  course  the  work  the  23W«100liC  Research  and 
DevelopBient  FTogran,  Oontract  Ho.  DA  36-039  8C-873^>  e  processing 

procedure  was  evolved  based  on  the  present  package  and  czystal 
design*  While  current  design  Is  capable  of  meeting  tha  desl'*ed 
apeclflcatlons  on  the  73W  transistor  It  Is  dlffleiilt  to  obtain 
a  hli^  yield  process*  In  order  to  fulfill  both  letter  and  spirit 
of  this  contract  It  Is  felt  that  a  basic  redesign  of  package  and 
crystal  coupled  with  processing  changes  to  enable  hitfier  yields 
la  a  neceaslty* 

Par  example,  our  current  metallizing  process  Is  a  chmlcal  plating 
process*  Svldence  accumulated  on  a  ocnpaBy  funded  metallizing 
progzaa  Indicated  a  newly  developed  evaporative  metallizing  tedmlqiua 
utilising  in  oonBeotlon  with  an  ultraaonio  bonding 


atthod  nould  have  a  hi^er  yield  and  a  greater  tbrouj^iput  rate 
vlth  reduced  operator  personnel.  Ihls  evidence  oust  nov  be 
verified  on  25W-100NC  devices^  details  of  the  process  worked 
out>  electrical  characteristics  deteznlned  and  the  tteeessaiy 
equljpment  selected,  purchased  and  Installed. 

Test  equlpsient  is  discussed  in  Faregraph  3*2  of  this  chapter. 

Ihe  vazdous  types  of  test  equlpnent  which  we  will  need  are 
already  known.  However,  in  order  to  detenalne  placements  and 
amounts  of  eqpipDtent,  some  information  must  be  generated  as  to 
yield  to  various  pareaeters  during  testing.  This  Infoxnatloa 
will  be  generated  by  producing  the  engineering  and  preproduction 
aanplea  called  for  by  the  contraiet.  Qhe  problan  boils  down  to 
one  of  fixing  the  processes  and  oardering  such  equipment  as  is 
not  already  on  hand.  In  general  the  equipment  is  known  but 
the  necessazy  modifications  have  not  yet  been  sufficiently  fixed. 
Ihe  area  of  equipment  best  understood  is  the  electrical  test 
gear,  this  is  discussed  in  the  following  section. 

3.8  Teat  Bquipmant 

currently  on  hand  in  the  area  of  test  equipment  is  an  Inventory 
of  at  least  one  piece  for  each  ^pe  needed.  Circuits  have  been 
built  for  both  oscillator  and  anpUfler  perfozmanee  and  are  pre> 
sently  undergoing  intensive  testing.  However,  to  specify  designs 
on  Jigs  and  fixtures  one  must  first  peg  the  package  design  and 
this  i  MiilnT  to  be  dona.  Ih  addition  the  aotual  aunber  needed 
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of  any  particular  test  fixture  must  valt  until  a  reasonable  Idea 
of  our  yield  picture  Is  developed. 


The  tests  for  and  (or  and  1^^^)  are  performed  on 
a  Tektronix  575  curve  tracer  with  suitably  modified  test  sockets. 
These  tests  are  not  performed  solely  on  completed  units,  but  are 
utilized  as  In-process  tests  during  diffusion  and  metallizing 
operations.  As  a  result,  several  will  be  needed  during  the  pilot 
run.  These  will  be  drown  from  In-plant  Inventory  as  this  equlp- 
■ant  is  general  purpose  In  nature. 

Tests  for  are  also  performable  on  a  575  ciirve  tracer.  To 

U1S3 

ellalnate  operator  error  and  In  the  Interests  of  speeding  up  the 
testing  procedure  special  switch  boxes  have  been  designed  and 
prototypes  btillt  to  allow  I^gg*  ^CBO  o*ber  low 

level  pulse  and  D.C.  testa  to  be  carried  out  on  a  575. 

The  test  for  static  forward-current  transfer  ratio  (hj,g)  la 

carried  out  at  two  levels  of  power,  75  vatts  and  50  watts.  This 

nwM»ng  that  the  units  must  have  excellent  heat  sinks  or  that  a 

pulsed  h_  tester  with  a  short  duty  cycle  be  used.  PSI  has.  In 
jTja 

the  transistor  division,  an  h^  tester  with  2^  duty  cycle  and  a 
juiim*  vldth  of  lOOn/sec.  There  also  exists  -  In  the  drawing 'board 
stage  -  a  design  for  a  heat  sink  suitable  for  continuous  testing, 
contractor  Intends  to  look  at  both  techniques  from  a  standpoint 
of  apaad,  reliability  and  yield.  At  this  anaant  It  is  quite 
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possible  that  both  nethods  aay  be  In  use  at  the  tliM  of  the  pilot 
run. 

Ibe  test  for  also  eeislly  perfoztned  using  a  Telctronlx  575 

dub 

vlth  suitable  high  pover  adaptation.  Such  an  Instnient  Is 
available  for  use  by  the  75W-FB(  pilot  line. 

Tests  for  collector-emitter  saturation  voltage  are  current^  being 
perfoxmed  for  the  25W-100MC  transistor  Research  and  Development 
Contract.  The  equlpnent  nav  In  use  on  the  above  contract  vlU 
be  Bade  available  to  the  contract. 

cower  gain  at  Kxmc  Is  the  test  of  most  Interest  to  any  potential 
user  of  this  device.  To  that  end  the  Research  and  Development 
Department  at  FSI  developed  for  the  25W-100MC  R  and  D  contract 
an  accurate  lOOMC  neutralized  common  emitter  anpUfier  circuit 
(see  Figure  3.2.1)  \dilch  has  been  In  operation  for  several  months 
and  has  proven  to  be  most  satlsfeustoiy.  This  circuit  Is  so  set 
up  as  to  euscept  both  capped  and  un-capped  devices  and  as  a 
result  of  this  test  It  has  been  discovered  that  the  package 
utilized  by  CSI  Is  costing  several  db  In  potential  pover  gain 
at  lOOHC.  It  Is  this  discovery  as  well  as  the  discovery  of 
thermal  path  problem  that  has  led  to  the  package  program  discussed 
in  Baragraih  2.4. 
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Second  In  Interest  only  to  power  gain  at  lOCMC  Is  power  oscillator 
performance.  A  circuit  has  recently  been  built  at  PSI  for  the 
purpose  of  testing  oscillator  performance  at  lOQMC,  6d.though  this 
test  circuit  configuration  is  not  yet  completely  finalized. 
present  circuit  Is  shown  In  Figure  3.2.2. 

The  measurement  of  base  spreading  resistance  is  being  performed 
on  the  current  25W-100MC  R  and  D  contract.  The  equipment,  built 
around  a  General  Radio  Transfer  Function  Bridge,  is  satlsfeu:tozy 
but  the  technique  used  Is  slow.  Efforts  at  producing  a  stream¬ 
lined  procedure  are  underway. 

FSI  at  present  Is  set  up  for  testing  output  capacitance  at  a 
frequency  of  some  l4o  kc  and  therefore  must  modify  Its  equipment 
to  attain  1  me  collector  capacltcmce  meeusurements. 

Small  signal  measurements  of  the  short-circuit  forward-current 
transfer  ratio  are  already  made  on  the  3W-70MC  transistor  being 
produced  at  PSI  under  Production  Engineering  Measure  Contract 
Ifo.  DA  36-039  SC-85960  using  the  test  schematic  shown  in  Figure 
3.2.0.  Note  that  the  tester  was  designed  to  make  both  70  and 
lOOMC  measurements.  !Qil6  equipment  will  serve  as  the  prototype 
for  h^^  test  positions  on  the  pilot  line. 
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In  conclusion^  a  general  determination  of  needed  equlpgient 
types  has  been  made.  A  prototype  or  vorklng  model  of  each 
kind  of  test  piece  is  available  and  undergoing  investigation. 
However,  Jigs  and  fixtures  depending  on  package  configuration 
cannot  be  fixed  until  the  package  is.  In  addition,  order  of 
"x"  nuaber  of  pieces  of  equipment  must  wait  until  yield 
anailysis  tells  the  eqvdpBent  engineer  vhat  "x"  number  vlU  be. 
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FIGURE  3-2.0 


SHIELD 


30  pf 

3.7- 52  pf 
15  pf 
3.2-50  pf 
3.2-50  pf 
10  pf 

2.8- 17.5  pf 
2300  pf 

3  turns.  No.  14  Insulated 
Copper  Wire  wound  on 
1/4"  Plastic  Rod. 

1-1/2  turns,  No.  14  Silver- 
coated  Copper  Wire  tightly 
coupled  by  Intenrlrtding  with 
L.  In  phase. 

4^tums,  No.  18  Silver- 
coated  Copper  Wire  wound  on 
1/4"  Mica  Fora  Slug  Tuned. 


Arco-Elaenco 

Haoanarlund 

Arco-Elmenco 

Hammarlund 

Hanmarlund 

Arco-Elmenco 

Hammarlund 

Centra lab 

2  turns.  No.  14  Silver- 
coated  Copper  Wire  wound 
1/4"  diameter  apd  tapped 
quarter-turn  from  Ehiltter. 
2-1/2  turns  No.  14  Silver- 
coated  Copper  Wire  wound 
1/4"  diameter. 
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PARTS  LIST 


Mica 

HF-50 

Mica 

MAFC-50-B 

MAPC-50-B 

Mica 

HF-50 

Feedthru 


100  MC  NEUTRALIZED  COMMON  EMITTER 
AMPLIFIER  CIRCUIT 


FIGURE  5.2.1 


C  2 


PABUS  LIST 


Cl 

5.2  -  50  pf 

Air  Baddlng 

E.F.  Johnson  Oo 

Cg 

2.5  -  7  pf 

Mica 

CRL  Centralsh 

s 

1  -  12  pf 

Ceramic 

Areo-El  Neneo 

C4  MXl  Cj 

2.9  -  55  pf 

MAPC-35-B 

Hammerlund 

CgendO^ 

2300  pf 

Feedthru 

CentraLab 

Ca 

20  pf 

Mica 

£1  Menco 

2- 1/2  turns,  !fo.  14  (AVG. )  silver-coated  copper  vlre  wound 
on  l/4"  ceraolc  form,  slug  tuned. 

3- 1/2  turns.  No.  14  Insulated  copper  wire  tl^tly  coupled 
bgr  Intervlndlng  l/2  turn  with  L^. 

1  Mb  RFC  Coil  Miller 


100  MC  OSCILLATOR 


FIGURE  3.2.2 


SECTION  IV  -  SIMIARY  AND  CONCLUSION 


Bie  first  interval  of  this  contract  has  been  spent  in: 

1)  Making  feasibility  experiments  concerned  with  production 
process  changes  in  the  light  of  improving  throu^put 
yield  and  device  reliability. 

2)  Evaluating  different  package  designs  in  an  attempt  to 
eliminate  potential  problems  in  frequency  perfoimance 
and  a  severe  thermal  path  problem  encountered  in  the 
25W-10(»1C  Reseeurch  and  Development  Contract. 

3)  Investigating  new  processing  equipment  due  to  changes 
because  of  the  above-mentioned  steps. 

4)  Testing  electrical  circuits  used  in  test  check-out  of 
the  transistor. 

PSI  proposes  to  make  changes  in  three  areas  ■vdxich  encompass  device 
design  in  the  broadest  sense  of  the  word.  Improvements  can  be 
made  in  current  processes,  in  the  package  design  and  in  device 
design  of  the  silicon  crystal.  By  making  these  changes  not  only 
will  a  production-worthy  device  be  created,  but  the  additional  - 
and  highly  useful  -  benefits  will  accrue  of  improved  performance 
and  reliability* 

The  changes  in  device  design  are  perhaps  the  least  important  at 
this  time.  Some  work  on  device  design  will  be  of  an  analytical 
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nature,  sucsh  as  the  proposed  power  gain  and  output  study. 

Once  the  relationships  between  h^^  and  power  output  or  gain  are 
understood  a  directed  advance  on  device  limitations  becomes 
possible.  Changes  made  possible  by  use  of  epitaxial  instead  of 
triple  diffused  processes  and  by  use  of  improved  geometry  would 
give  a  much  improved  device  and  fall  into  the  area  of  the  device 
designer. 

A  major  increase  in  yield  comes  through  processes  improvement. 
Improved  mask  oxidation  technique,  metallizing  operation  and 
passivating  processes  would  make  for  greater  ease  in  production 
and  greater  predlctabi3J.ty  as  devices. 

^  fax  the  biggest  and  most  beneficial  change  possible  at  the 
moment  is  the  change  in  package.  It  cannot  be  said  too  often 
that  package  and  silicon  crystal  must  be  designed  for  one 
another  -  not  separately.  At  present  the  25W-100MC  crystal  is 
far  superior  in  design  and  performance  to  its  package,  which  is 
plagued  by  poor  thenaol  path  due  to  BeO  problems  and  by  poor 
high  frequency  perfonnance,  due  to  iixadequate  mechanical-electrical 
design. 

InltieQ.  blocking  out  of  pilot  line  equipment  needs  has  been 
conrpleted.  Final  determination  of  the  new  process  changes  will 
be  needed  before  it  will  be  possible  to  provide  detail  pilot  line 
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process  and  equipment  layouts. 

Determination  of  required  test  equipment  has  been  made,  and  most 
of  the  required  equipment  Is  already  on  hand  or  available  as  proto¬ 
types.  Schematics  8a*e  Included  In  this  report  for  several  pieces 
of  high  frequency  gear  called  for  In  the  design  specifications 
(see  Appendix).  This  equlianent  Is  already  available  said  Is 
currently  operating  qvilte  satisfactorily  while  In  use  for  the 
25W-10(MC  Research  and  Development  Contract. 
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SECTION  V  -  PROGRAM  FOR  THE  NEXT  INTERVAL 


The  program  for  the  next  InterveLL  will  encompass  the  following 
areas  of  endeavor: 

1)  Continue  package  evaluation  and  design  study. 

2)  Continue  Investigations  Into  refinement  of  present 
diffusion  techniques  and  Investigate  new  diffusion 
techniques  \diere  applicable. 

3)  Continue  the  work  to  obtain  Increased  control  over  the 
photoresist  operations  \rtierever  possible. 

4)  Continue  the  evaluation  and  refinement  of  alumlniM 
metSLlllzlng  and  the  assolcated  aluminum  leadbonding. 

5)  Continue  the  co-ordination  with  suppliers  to  improve 
the  state-of-the-art  beryllium  oxide  tab  quality. 
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SECTION  VI  -  PUBLICATIONS,  REPORTS,  AND  CONFERENCES 


There  -were  no  publications  or  conferences  applicable  to  this 
contract  during  this  quarter. 

Q3ie  first  monthly  letter  report  vas  submitted  10  August  1962. 

Obe  second  monthly  letter  report  vas  submitted  14  September  1962. 
The  third  monthly  letter  report  vas  submitted  11  October  I962. 
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SECTION  VII  -  IDENTIFICATION  OF  PERSONNEL  AND  EXPENDITURES 

The  following  professional  personnel  have  been  assigned  bo  vork 
on  the  25V-100MC  PEM  contract. 

Ronald  N.  Clarke 

Mr.  Clarke  heis  four  and  one-half  years  e^gperlence  In  semiconductors 
(all  with  PSI)  and  spent  three  and  one-half  years  as  a  Fleet 
technician  with  the  U.S.  Navy.  He  received  an  A. A.  degree  from 
San  Mateo  Junior  College  and  a  B.A.  degree  In  Ihysles  from  the 
Uhlverslty  of  California. 

Mr.  Clarke  Joined  PSI  upon  graduation  and  vas  engaged  in  process 
work  for  diodes.  He  later  became  the  Diffused  Diode  Product 
Engineer,  further  improving  the  cooHniter  diode  developed  on  a 
Signal  Corps  contract.  At  a  leter  date  he  vas  responsible  for 
the  develoiment  of  an  advanced  high  rellablllly  coiqputer  diode 
for  Minuteman. 

Mr.  Clarke  vas  then  transferred  to  the  Diode  aiglneerlng  Group 
where  he  had  the  responsibility  for  the  Signal  Corps  Variable 
Capacitor  Diode  Contract.  Vhlle  In  the  Diode  Engineering  Group, 
he  vas  also  Involved  in  advanced  process  developnsnt 
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Early  this  year,  Mr,  Clarke  was  transferred  to  the  Researcsh  and 
Development  Diode  Group  where  he  worked  on  an  improved  version 
of  the  diffused  computer  diode.  Recently  he  has  moved  into 
the  Development  emd  Engineering  Transistor  Group  where  he  now 
has  the  responsibility  for  the  5W-70MC  technical  co-ordination. 

William  D.  Gray 

Mr.  Gray  has  ten  years  of  technical  experience,  plus  two  years 
experience  as  a  military  instructor.  He  attended  El  Camino 
College,  Aziny  Engineering  School,  Fort  Belvolr,  Ve.,  U.C.L.A. 
and  West  Coast  Uhlversity,  majoring  in  electrical  engineering, 

Mr.  Gray  was  associated  with  Servomechanisms,  Inc.,  Los  Angeles, 
California,  for  seven  yeeu^s,  where  he  was  supervisor  of  the 
Ground  Support  Test  Equipment  Group,  and  was  responsible  for 
design  of  military  test  equipment. 

Mr.  Gray  Joined  Pacific  Semiconductors,  Inc.  in  February  i960. 
He  has  since  been  concerned  with  the  design  of  VHF  transistor 
packages,  themal  dissipation  studies,  and  investigation  of 
various  types  of  glass-to-metal  sealing  techniques.  In  October 
of  1962,  he  was  promoted  to  Section  Head,  Package  Engineering. 

He  is  a  member  of  the  American  Ceramics  Society. 
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Richard  C.  Neville 

B.S.E.E.  anc'  M.S.E.E.  -  California  Institute  of  Technology 

Mr.  Neville  Joined  PSI  in  1959  directly  from  Cal  Tech  vhere  he 
graduated  with  honors,  specializing  in  Semiconductor  Physics 
and  Electronics.  He  was  initially  assigned  to  our  VHP  Tran¬ 
sistor  Development  Group  where  he  became  an  expert  in  diffusion 
processes.  Mr.  Neville  has  also  had  device  design  assignments 
in  both  diode  and  transistor  development  programs  of  high-speed 
switching  devices.  Including  the  2N706,  2N708  and  a  5-watt, 

5OOMC  VHP  transistors.  In  July  196I  he  Joined  the  PNP  Trein- 
sistor  Group,  becoming  its  project  leader  in  March  1962.  In 
connection  with  this  effort  he  directed  studies  concerned  with 
device  design  (2N1152b)  evaluation  of  epitaxial  material, 
metallizing  techniques,  and  oxide  properties.  He  is  al^o  con¬ 
cerned  with  the  PSI  transistor  Failure  Analysis  Program.  In 
conjunction  with  this  work  he  has  performed  studies  on  radiation 
damage  to  silicon  devices. 

Mr.  Neville  is  a  member  of  the  IRE  and  Tau  Beta  Pi. 

Michael  0.  Preletz 

Mr.  Preletz  received  his  B.S.  degree  in  Military  Engineering 
from  the  United  Stated  Military  Academy  in  i960.  After  serving 
as  a  lieutenant  in  the  army  artillery  he  Joined  the  Western 
Electric  Compeiny,  vhere  he  worked  on  low  and  medium  power  NPN 
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mesa  transistors.  During  this  time  he  was  doing  graduate 
electrical  engineering  work  at  Lehi^  University. 

In  Itey  1962  Mr.  Preletz  joined  Pacific  Semiconductors,  Inc. 

He  is  presently  concerned  with  diffusion  and  photoresist  process 
engineering  of  VHP  medium  power  transistors. 

Bernard  Rappaport 

Mr.  Rappaport  has  had  eleven  years  of  experience  in  the  fabri¬ 
cation  of  electronic  and  electromechanical  ccxnponents  and  pro¬ 
duction  engineering  of  semiconductor  devices. 

Mr.  Rappaport  received  his  B.A.  degree  in  Physics  in  19^9  from 
the  Uhlversity  of  California  at  los  Angeles.  He  attended  the 
graduate  school  at  the  Ifeiverslty  of  Southern  California,  where 
he  also  taught  electricity  and  magnetism.  He  engaged  in  micro¬ 
climatology  research  in  1950  and  1951*  He  then  became  a  project 
engineer  and  pilot  line  supervisor  for  the  namufacture  of  minia¬ 
turized  electromechanical  devices. 

Mr.  Rappai)ort  joined  Pacific  Semiconductors,  Inc.  in  I956  and 
assumed  pilot  line  responsibility  for  the  Industrial  Preparedness 
Study  of  Diffused  Silicon  High  Speed  Computer  Diodes  (Contract 
No,  36-039  SC-7027k).  He  was  active  in  the  program  to  extend 
the  diffusion  diode  family  and  in  the  high  voltage  silicon  car¬ 
tridge  rectifier  program.  He  later  directed  the  pilot  manufacturing 
facility,  mechanical  and  electronic  equipment  procurement  and 


-  35  - 


T 

■  package  engineering  programs  for  all  new  products  within  the 

Transistor  Division. 

Mr,  Rappaport  is  presently  Head  of  the  Tr^sis'tor  Final  Develop¬ 
ment  Group  In  the  Reseeorch  and  Development  Department. 

David  H.  Treleaven 

Mr,  Treleaven  received  his  B.A.  Sc.  in  Engineering  Physics  from 
the  Iftiiversity  of  British  Columbia  in  1962.  He  joined  Pacific 
Semiconductors  Inc.  in  September  I962  and  since  has  been  working 
on  the  5W-70MC  and  25W-100MC  device  fabrication. 

Mr.  Treleaven  is  affiliated  with  Delta  Gpsilon, 
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j"  Man-Hour  Labor  Eiqpendl'U.iireB 

f  Effort  expended  by  professional  employee=8; 


Name 

Hours 

L.  L.  Omik 

56 

G.  Otto 

412 

J.  Podell 

36 

M.  0.  Preletz 

152 

D.  H.  Treleaven 

80 

W.  M.  Wilson 

96 

TOTAL 

852 

Effort  expended  by  technicians 

1202 

TOTAL 

2054 
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APPENDIX 


SIGHAL  CORPS  TECHNICAL 

RBiiuiRatEtrrs 


SCS-129 
12  February  1962 


TRANSISTOR,  SILICON,  VHF,  POWER  (75  WATT) 
TJfPE  SigC-2N(X-6) 


1.  SCOPE 

1.1  Scope.  -  This  document  covers  the  detail  requirements  for  silicon, 
VHF,  Power  Inranslstors  capable  of  delivering  25  watts  of  output  power  with 
10  db  of  power  gain  at  100  me. 


1.2  Maximal  ratings  at  25°C.  (See  5.2  herein); 


®^CB0 

®^CES 

®^EB0 

"c 

^c 

n 

^stg 

Vdc 

Vdc 

Vdc 

Adc 

w 

°c 

°C 

. 

mmmmm 

180 

180 

5 

1.5 

75 

(at; 

Tp-  25°C) 

200 

-65 

to 

+  200 

2.  APPLICABLE  DOCIMENTS 


2.1  Obe  following  dociamnts,  of  the  Issue  In  effect  on  date  of 
Invitation  for  bias,  form  a  part  of  this  specification  to  the  extent 
specified  herein; 

SPECIFICATIONS 

MILITARY 

MIL-F-14072  Finishes  For  Ground  Signal  Equipment 

MIL-S-I95OO  Semiconductor  Devices,  General  Specification 

For 

STANDARDS 

MIUTARY 

MIL-STD-202  Test  Methods  FOr  Electronic  and 

Electrical  Conponent  Parts 


FSC-5960 
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DRAWINGS 


SIGNAL  CORPS 

SC-A-46600  Preproduction  Sample  Approval  In 

Lieu  of  Requirements  In  Specifications. 

(Copies  of  specifications,  standards,  drawings,  and  publications  re¬ 
quired  by  contractors  In  connection  with  specific  procurement  functions 
should  be  obtained  from  the  procuring  agency  or  as  directed  by  the  con¬ 
tracting  officer.  Both  the  title  and  number  or  symbol  should  be  stipu¬ 
lated  when  requesting  copies . ) 

3.  REQUIREMENTS 


3.1  Requirements . -  Requirements  for  the  transistors  shall  be  In 
accordance  with  Specification  MIL-S-19500  and  as  specified  herein. 

3*2  Abbreviations  and  symbols.-  [Hie  abbreviations  and  symbols  used 
herein  are  defined  In  Specification  MIL-S-19500  and  as  follows: 


P 


1 


power  Input 


P 

o 


.power  output 


LV, 


base  short-  g??culted 


sustaining  voltage  ( collector- to-emltter) 


3-3  Design  and  construction.  -  The  design  and  construction  of  the 
transistors  shall  be  In  accordance  with  applicable  requirements  of  Specifi¬ 
cation  MIL-S-19500. 

3-3*l  Transistor  case.-  The  transistor  case  shall  Incorporate  a  stud 
with  a  mounting  nut  and  lock  washer,  physically  located  at  the  end  of  the 
case  opposite  the  leads,  to  enable  ready  mounting  of  the  transistor  and 
dissipating  the  required  power.  Hie  transistor  case  shall  be  electrically 
Insulated  from  the  collector,  emitter,  and  base. 

3.3.2  Operating  position.  -  The  transistors  shall  be  capable  of 
proper  operation  In  aiy  position. 

3.3.3  Finishing  of  external  metallic  surfaces.-  The  finishing  of 
external  metallic  surfaces  shall  be  in  accordance  with  requirements  in 
Specification  MIL-F-14072  for  surface  class if icatlaa  Type  II,  except  that 
the  requirements  in  Specification  MIL-F-liK)72,  Section  3^  Requirements, 
covering  moisture  resistance  and  finish  resistance,  and  Section  4, 

Quality  Assurance  Provisions  therein,  shall  not  be  applicable.  If,  due  to 


SCS-129 


12  February  1962 
Sheet  No.  3 


special  conditions  of  service  or  design,  a  contractor  desires  to  use 
finishes,  materials,  or  processes  other  than  those  specified,  such  pro¬ 
posal  including  the  reasons  therefore  shall  be  submitted  to  the  Contracting 
Officer  for  approval.  At  the  discretion  of  the  Contracting  Officer, 
samples  and  test  data  may  be  required  to  substantiate  the  suitability  of 
the  proposed  substitute(s) . 

5*^  Performance  characteristics . -  Hie  transistor  performance 
characteristics  shall  be  as  specified  in  Tables  I  and  11  herein.  (See 
6.5  herein. ) 

I 

3 . 5  Marking.  -  The  transistors  shall  be  marked  in  accordance  with 
Specification  MIL-S-19500  and  as  follows.  In  instamces  where  the  dimin¬ 
utive  siae  or  lack  of  suitable  surface  area  on  the  device  would  prevent 
a  marking  accomplishment  readable  by  the  unaided  eye,  20/20  vision,  at 
ei^t  inches  distance  from  the  device,  such  marking  may  be  omitted  direct¬ 
ly  on  the  device.  All  required  marking  shall  be  placed  on  the  unit 
package. 

3. 5*1  Type-^fesig^tion  marking.-  The  transistors  shall  be  marked 
with  the  letters  "SigC"  and  the  '*2N"  designation  of  the  device.  The  "2N" 
designation  of  the  device  shall  be  "(X-6)"  until  an  identification  num¬ 
ber  conforming  to  the  type  designation  requirements  of  Specification 
MIL-S-I95OO  has  been  established. 

4.  QUALm  ASSURANCE  PROVISIONS 

4.1  General .  -  Except  as  otherwise  specified  herein,  the  responsi¬ 
bility  for  inspection,  general  procedures  for  acceptance,  classification 
of  inspection,  and  inspection  conditions  and  methods  of  test  shall  be  in 
eiccordance  with  Specification  MIL-S-19500,  Quality  Assurance  Provisions. 

4.2  Preproduction  Sample  Approval.  -  The  Preproduction  Sample  approval 
requirements  in  Signal  Corps  Drawing  SC-A-46600  hereby  replace  any  Quali¬ 
fication  requirements  referable  to  the  product  covered  herein. 

4.3  Sampling  and  acceptance  criteria  for  Acceptance  Inspection  (see 
6.2  herein).-  For  all  tests  except  Life  tests,  sampling  and  acceptance 
criteria  shall  be  in  accordance  with  4.3.1  and  4.3.2,  respectively,  herein 
for  Life  tests,  sampling  and  acceptance  criteria  shall  be  in  accordance 
with  requirements  for  Method  B  in  Specification  MIL-S-19500,  Appendix  C. 

The  respective  LTPD  (lot  Tolerance  Percent  Defective)  and  Max.  Acc.  No. 
(Maximum  Acceptance  Number)  requirements  in  Tables  I  and  11  herein  shall 
govern  relative  to  the  details  in  4.3.1  and  4.5.2  herein. 

4.3.1  Sample  Size.  -  Hie  sample  size  shall  be  selected  by  the  manu¬ 
facturer  using  Table  III  herein.  Hie  sample  size  so  chosen  shall  be  with¬ 
in  the  Max.  Acc.  No.  limit  amsociated  with  the  LTPD  specified  in  Tables  I 
and  II  herein. 
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4.3,2  Sanqple  acceptance  criteria.-  For  the  sample  size  tested,  the 
Acceptance  Number  "(a)"  in  Table  111  shall  not  be  exceeded.  (Rejection 
number  "r"  =  "(a)"  +  1.) 

4.4.4  Tightened  inspection.-  Tightened  inspection  on  resubmitted 
lots  is  obtained  by  testing  to  an  LTPD  equal  to  or  less  than  one-half  of 
the  specified  initial  ;ITPD. 

4.4  Specified  LTPD  and  Max.  Ace.  No.-  T3ie  LTPD  and  Max.  Acc.  No. 
specified  for  a  subgroup  In  Tallies  1  and  11  herein  shall  apply  for  all 
of  the  tests,  combined,  in  the  subgroup. 

4.5  Destructive  tests.-  The  Group  B,  Subgroups  2,  3,  4,  5^  6,  and 
7  tests  are  considered  destructive.  However,  the  tests  of  Subgroups  2, 

3>  4,  6,  aid  .7  can  be  considered  non-destructive  if  sufficient  evi¬ 

dence  is  presented  to  the  Government  Inspection  authority  to  that  effect. 
Acceptable  evidence,  for  example,  would  be  repeating  of  all  Subgroups  2, 
3>  4,  5>  6,  and  7  tests,  ten  times,  without  significaicb  device  degrada¬ 
tion.  Ihis  test  repetition  procedure  need  be  done  only  once  at  incep¬ 
tion  of  Acceptance  Inspection,  provided  that  no  change  in  design,  or  of 
production  techniques,  has  been  effected. 

4.6  Disposition  of  sangple  units.-  Sample  units  that  have  been  sub¬ 
jected  to  and  have  passed  Group  B,  Subgroups  2,  3»  4,  5>  6  and  7  tests 
not  detenolned  to  be  destructive  tests  may  be  delivered  on  the  contract 
sample  units  are  subjected  to  and  pass  Group  A  inspection.  Defective 
units  from  any  sample  group  that  may  have  passed  group  inspection  shall 
not  be  delivered  on  the  contract  or  order  until  the  defect(s)  has  been 
resMdied  to  the  satisfaction  of  the  Government. 

4.7  Particular  examination  and  test  procedures. - 

4.7.1  Sustaining  Voltage  Test.  -  The  sustaining  voltage  of  the 
collector  with  respect  to  tne  emitter  shall  be  measured  under  the  con¬ 
ditions  specified,  with  the  base  short-circuited  to  the  emitter. 

4.7.2  Oscillator  Power  Output  Test.-  The  specified  voltage  and 
current  shall  be  applied  to  the  respective  terminals  under  the  condi¬ 
tions  specified  and  the  powerroutput  of  the  oscillator  shall  be  measured 
at  the  frequency  specified. 

4.7.3  Base  Spreading  Reslstemce  test . -  The  specified  voltage  and 
curvent  shall  be  applied  to  -the  respective  terminals,  with  the  transis¬ 
tor  in  the  comoon-emltter  configuration.  An  a-c  small  signal  of  the 

high  frequency  specified  shasll  be  applied  to  the  input  terminals,  and 
the  output  terminals  shall  be  short-circuited.  The  real  part  of  the 
short-circuit  input  Impedance  shall  be  measured  and  assumed  equal  to 
the  base  speeading  resistance. 

4.7.4  Tension  test.-  The  specified  force  shall  be  applied  to  each 
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lecui  In  the  direction  of  the  axis  of  the  lead.  The  force  shall  not  be 
aj^lled  to  more  them  one  lead  at  a  time,  and  all  leads  shall  be  tested. 

4.7.5  Torque  Test . -  The  specified  torque  shall  be  applied  to  the 
stud  and  about  Its  axis.  The  stud  shall  not  have  become  loosened  nor 
the  threads  damaged,  as  a  result  of  this  test. 

4. 7-6  Bending  Moment  test  -  The  transistor  shall  be  mounted  by 
the  Doxml  nountl^  means .  ^e  specified  force  shall  be  applied,  without 
shock,  at  rlc^t  angles  to  the  lead  and  near  the  end  of  the  lead. 


50.25  Saturation  Voltage  =  1.5Adc  ^CE(SAT) - 

lo  »  500BAdc 


Tible  1.  Group  A  Iaq«etlon  •  (Oontlmiod) 


See  4.7.1  herein. 

Test  Circuit  as  Mutually  acceptable  to  Contracting  Officer's  Tecbaleal  Hepresentatlve  and  contractor. 

See  4.7.2  herein.  Test  circuit  as  mutually  acceptable  to  Oontracttag  Officer's  Technical  Representative  and  contractor 
See  4.7.5  herein. 
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5.  PREPARATION  FOR  DELIVERY 

5.1  Preparation  for  delivery.  -  Preparation  for  delivery  shall  be  In 
accordance  with  Specification  MIL-S-I950O. 

6.  NOTES 

6.1  Notes .  -  The  notes  Included  In  Specification  MIL-S-19500,  except  for 
those  covering  qualification  (see  k.2  herein)  and  the  following,  are 
applicable  to  this  document. 

6.2  Ordering  data.  -  If  this  document  is  used  with  the  "C"  or  later 
issue  of  Specification  MIL-S-19500  containing  LTPD-method  Acceptance 
Inspection  requirements,  the  solicitation  should  indicate  that  the  Accep¬ 
tance  Inspection  LTPD-methods  requirements  in  paragraphs  k.3  through 

4.3.3  herein  shall  be  considered  superseded  by  the  pertinent  requirements 
In  the  "C"  or  later  issue  of  Specification  MIL-S-19500. 

6 . 3  Establishment  of  Additional  Tests  and  Parameters. -  The  resolution 
of  any  additional  tests  and  parameters  ihat  will  serve  for  optimum  per¬ 
formance  evaluation  of  the  device  relative  to  the  application  need  is 
encouraged.  It  is  expected  that  such  determination(s)  will  be  by 
mutual  agreement  between  the  contractor  and  the  responsible  Government 
agency,  and  will  be  included  in  the  final  acceptance  criteria^  for  the 
device.  Hextixwntt'  electrical,  physical,  mechanical,  and  environmental 
test  coverage  in  Specification  MIL-S-19500  should  be  considered  as  a 
primary  guide  in  this  regard. 

NOTICE:  When  Government  drawings,  specifications  or  other  data  are 
used  for  any  purpose  other  than  in  connection  with  a  definitely  related 
Govenment  procurement  operation,  the  United  States  Govermment  thereby 
Incurs  no  responsibility  nor  any  obligation  whatsoever;  and  the  fact 
that  the  Government  may  have  formulated,  furnished,  or  in  any  way  supplied 
the  said  drawings,  specifications,  or  other  data  isnnot  to  be  regarded 
by  implication  or  otherwise  as  in  any  manner  licensing  the  holder  or  emy 
other  person  or  corporation,  or  conveying  any  right  or  pemlsslon  to 
manufactiire,  use,  or  sell  any  patented  Invention  that  may  in  any  way  be 
related  thereto. 
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The  minimum  quality  (approximate  AQL  percent  defective)  required  to  accept  (on  the  average) 
19  to  20  lots  Is  Indicated  In  parentheses,  respectively  helov,  for  Information  purposes  onl 


